Objectives: Neuropsychiatric symptoms are common in patients with Alzheimer disease (AD). Treatment for both AD and psychiatric disturbances may affect the clinical ob-
T he core symptom of Alzheimer disease (AD), the most common primary degenerative dementia, is memory impairment, which is accompanied by deficits in at least one other cognitive domain. However, both in AD and other primary degenerative dementias, neuropsychiatric symptoms are common. 1 Almost all patients with AD exhibit neuropsychiatric symptoms at some point during the course of the disease. [2] [3] [4] Difficulties arise when characterizing neuropsychiatric symptoms of patients with AD because they are heterogeneous and unpredictable. 5 These symptoms range from mood alterations (depression, anxiety, euphoria, and disinhibition) to psychotic manifestations (delusions and hallucinations), various symptoms with motor manifestations (apathy, agitation, wandering, and aggressiveness) and sleep or appetite symptoms. 2 Some authors have suggested that this heterogeneity is due to neuropsychiatric symptoms resulting from complex interactions of the pathologic process with the premorbid specific personality and the environmental exposures or life experiences of the patient. 6, 7 One approach to better understand the psychiatric manifestations of AD is to evaluate whether specific symptoms occur in association. Rather than viewing individual symptoms separately, a limited number of syndromes featuring associated symptoms are identified. The potential advantages of this approach are that neuropsychiatric syndromes might be less heterogeneous and unpredictable and might be more similar to primary psychiatric disorders, thus allowing potentially fruitful analogies in terms of pathogenesis, prognostic evaluation and treatment. 8 However, studies have reported that the behavioral and psychological syndromes associated with AD are not completely consistent with the disorders seen in patients affected by primary psychiatric diseases. 9 -12 For example, although many studies report the existence of a psychotic syndrome characterized by the concomitant occurrence of delusions and hallucinations, 13, 14 these two specific psychotic symptoms are also accompanied by symptoms of a different nature, such as anxiety 10 or agitation and irritability. 11 Current knowledge is limited by the fact that many studies have been conducted on patients who are undergoing treatment for either AD or neuropsychiatric problems, which can alter the pattern and severity of psychiatric disturbances. Indeed, a European consortium study 12 reported an influence of acetyl cholinesterase inhibitors on apathy and psychosis in AD, and it has been shown that donepezil treatment reduces psychotic symptoms, 15 and prazosin reduces global neuropsychiatric symptom severity and frequency. 16 The aim of this study was to identify neuropsychiatric syndromes in a large cross-sectional cohort of newly diagnosed patients with AD, who were not treated either for AD or neuropsychiatric phenomena. Specifically, we aimed to: a) investigate whether specific neuropsychiatric syndromes can be characterized in patients with AD, b) establish the occurrence and severity of neuropsychiatric syndromes, and c) investigate the relationship between specific neuropsychiatric syndromes and progression of the neurodegenerative process, measured as the severity of dementia.
METHODS

Study Sample
Patients newly diagnosed as having probable AD, who were consecutively seen in five Italian outpatient memory clinics, were included in the study. The diagnosis of AD was made according to National Institute of Neurological and Communicative Diseases and Stroke-Alzheimer's Disease and Related Disorders Association (NINCDS-ARDA) 17 by trained clinical neurologists and geriatricians. All patients were free from treatment with either psychotropic drugs or acetylcholinesterase inhibitors and had sufficient vision and hearing abilities for compliance with testing procedures (eyeglasses and/or hearing aids permissible).
We excluded patients who did not have a "reliable" caregiver defined as a person who had contact with the patient twice a week, including at least one personal visit. Exclusion criteria were established through examination of the patient and review of medical records, and interviews with the caregiver, and included i) major medical illnesses, i.e., diabetes not stabilized, obstructive pulmonary disease or asthma, hematologic/ oncologic disorders, B12 or folate deficiency as evidenced by blood concentrations below the lower normal limit, pernicious anemia, clinically significant and unstable active gastrointestinal, renal, hepatic, endocrine or cardiovascular system diseases, newly treated hypothyroidism, liver function tests (alanine transaminasi [ALT] aspartate aminotransferase [AST]) greater than three times the upper normal limit, creatinine concentrations Ͼ150 mol/L; ii) presence of psychiatric disorders with onset before AD (e.g., schizophrenia and major depression); iii) presence of neurologic disorders (e.g., stroke, Parkinson disease, seizure disorder, and head injury with loss of consciousness within the past year); iv) known or suspected history of alcoholism or drug abuse; v) patients undergoing treatment with psychotropic drugs or acetylcholinesterase inhibitors; vi) computed tomography or magnetic resonance imaging evidence of focal brain parenchymal abnormalities; and vii) nursing home patients or institutionalization within last 3 months.
Based on the inclusion criteria, 1,015 subjects were consecutively enrolled in the study from January 2003 to December 2005. The sociodemographic, clinical, cognitive, functional, and behavioral characteristics are summarized in Table 1 . The study sample included patients with AD with a mean Mini-Mental State Examination (MMSE) 18 score of 18.3 at first diagnosis of AD. This is similar to previous reports on the mean scores for patients with AD at first diagnosis in clinical settings. 19, 20 Less than one fifth of patients already had severe dementia, despite the fact that we included only patients with a new diagnosis of AD. This reflects the clinical picture of dementia diagnoses today, because there is a large variation in the time between the onset of first symptoms and first physician consultation, with 
Cognitive, Functional, and Behavioral Evaluations
The clinicians who made the AD diagnoses, assessed all cognitive, functional, and behavioral characteristics of the patients, including an interview with next of kin and caregivers. Education was assessed as the number of years of formal education. Age at onset was defined as age at the onset of cognitive symptoms severe enough to compromise patient functioning and was assessed through an interview with the caregiver.
Overall cognitive decline was assessed with the MMSE. 18 Instrumental activities of daily living (IADL) were assessed with the IADL scale. 24 Behavioral symptoms were measured with the Neuropsychiatric Inventory (NPI)-10 items. 25 The NPI is a valid and reliable inventory assessing 10 neuropsychiatric dimensions in patients with dementia or other neurologic disorders. The investigated dimensions/ symptoms are delusions, hallucinations, agitation, depression, anxiety, euphoria, apathy, disinhibition, irritability, and aberrant motor behavior. An informant rates the frequency (0 -3) and severity (0 -4) of each of these dimensions and the multiplication of the two scores is used as final score, which ranges from 0 to 12 for each dimension, with a maximum total score of 120 in the 10-item version.
Ethical Considerations
The ethical committee of the participating centers approved the protocol of the study. The nature and purposes of this study were presented to the patients and explained to their responsible caregivers and/or legal guardians. Written informed consent was obtained from patients or patients' representatives and caregivers before beginning the screening activities.
Statistical Analyses
First, baseline characteristics of the study sample were calculated by gender, including disease severity, sociodemographics, cognitive and functional status, and NPI performance. 2 and Student's t tests were used to assess differences between categorical and continuous variables, respectively. Second, we calculated the correlation index between MMSE and NPI total score among all patients, with Pearson correlation test. Third, to identify the principal components of neuropsychiatric symptoms and examine the syndrome associations of neuropsychiatric symptoms occurring together, we carried out a factor analysis on the 10 NPI symptoms within the total group of patients with AD. The neuropsychiatric symptoms were first analyzed with a principal component factor analysis with varimax rotation. This analysis was performed to reduce the 10 NPI symptoms to a limited number of groups of symptoms (factors) occurring in association. Each factor was defined by the total variance explained, and by the symptoms that were grouped together. A symptom entered on the respective factor when the loading was Ͼ0.5 and when its presence within the factor was logically consistent. Following this, we categorized each patient on the basis of the presence of one or more of the syndromes disclosed by the factor analysis. The severity of the syndromes was calculated for each patient as follows: "no syndrome" when patients scored 0 on at least one of the symptoms in the syndrome, "mild syndrome" when patients had NPI score between 1 and 3 on every symptom in the syndrome, and "clinically significant syndrome" when patients scored Ն1 on all symptoms in the syndrome with at least one symptom score Ն4.
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Patients were further divided according to the severity of the dementia measured by the MMSE score: mild AD (MMSE Ն18), moderate AD (MMSE ϭ 11-17), and severe AD (MMSE Յ10). The proportion of patients with clinically significant neuropsychiatric syndromes was then calculated according to dementia severity. Finally, we performed logistic regression analyses to calculate the odds of having a clinically significant syndrome according to i) disease severity, with mild AD as the reference category and ii) IADL score. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated with logistic regression models. For all analyses, statistical significance was set at the 0.05 level.
RESULTS
Demographic and clinical characteristics of the patients are shown in Table 1 . Women were more likely to have a disease onset Ͼ65 years and had higher age and IADL score. Men were more likely to have mild disease severity, higher age, education, and MMSE. Women had a higher mean NPI score for depression, anxiety, and total NPI score.
The correlation index between MMSE and NPI total score was Ϫ0.185 (p ϭ 0.002); 3.4% of the variance in the NPI score was explained by MMSE (squared correlation index ϭ Ϫ0.185 2 ϭ 0.034). Although the correlation is statistically significant, this result shows that Ͻ4% of the entire NPI variance is explained by differences in global cognitive functioning. This suggests that at a group level, patients with AD with more severe cognitive deficits also have more severe neuropsychiatric symptoms, but that at the individual level, the severity of symptoms is poorly predicted by the severity of cognitive deficits. Table 2 shows the results of the factor analysis of 10 NPI symptoms in 1,015 patients with AD. The analysis revealed five principal components (factors) among the 10 NPI symptoms. These five factors explained Ͼ76% of the variability observed in the 10 symptomatologic dimensions of NPI. The first factor revealed a "psychomotor syndrome," comprised of agitation, irritability, and aberrant motor behavior. The second factor was strictly and uniquely related to delusions and hallucinations, clearly indicating the existence of a "psychotic syndrome." The third component revealed an "affective syndrome" comprised of anxiety and depression. The fourth component was characterized by euphoria and disinhibition, suggesting the existence of a "manic syndrome." Finally, the fifth factor was related uniquely to apathy, revealing an "apathetic syndrome." It is noteworthy that all the symptoms contributed positively to the severity of only one of the five factors, suggesting that each NPI symptom is independently characteristic of only one of the syndromes.
The severity of the syndromes was calculated for each patient including 1) no, 2) mild, and 3) clinically significant syndrome. Table 3 shows the occurrence of syndromes and severity according to sex. Most patients presented one or more of the five syndromes (N ϭ 790, 77.8%), and the majority had syndromes severe enough to be clinically significant (N ϭ 603, 59.4%). The apathetic syndrome was the most frequent followed by affective (depression and anxiety) and psychomotor (irritability, aberrant motor behavior, and agitation) syndromes. The fourth most common syndrome was psychotic (delusions and hallucinations) and finally the manic syndrome (euphoria and disinhibition). Clinically significant syndromes occurred more frequently than mild ones (Table 3) . For example, almost a third of patients had a clinically significant affective syndrome (29.3%, N ϭ 297), whereas only 13.1% (N ϭ 133) presented with a mild severity of the syndrome. This pattern occurred for all five syndromes. Gender differences were observed only in the affective and manic syndromes that were more frequent in women. Table 4 shows the occurrence of clinically significant syndromes according to the severity of dementia. All the syndromes with the exception of the affective syndrome showed a clear increase of occurrence with increasing severity of the cognitive symptoms of dementia (Table 4) . For example, patients with moderate AD had a twofold odds of having the psychomotor syndrome compared with patients with mild AD, and the odds increased to 4.2 for patients with severe AD. However, there was no increased odds of having the affective syndrome in patients with moderate AD or severe AD compared with patients with mild AD. Similarly, lower IADL performance was also associated with all of the syndromes except the affective one (OR ϭ 1.0, 95% CI ϭ 0.9 -1.03, Wald ϭ 0.67, df ϭ 1, p ϭ 0.414). The odds of having the psychotic syndrome increased by 40% with each IADL point decrease (OR ϭ 1.4, 95% CI ϭ 1.3-1.5, Wald ϭ 37.847, df ϭ 1, p ϭ 0.000), and a similar patter was seen for manic (OR ϭ 1.2, 95% CI ϭ 1.1-1.4, Wald ϭ 13.161, df ϭ 1, p ϭ 0.000), psychomotor (OR ϭ 1.3, 95% CI ϭ 1.2-1.4, Wald ϭ 32.457, df ϭ 1, p ϭ 0.000), and apathetic syndromes (OR ϭ 1.2, 95% CI ϭ 1.1-1.2, Wald ϭ 30.541, df ϭ 1, p ϭ 0.000).
DISCUSSION
The current study investigated the presence of neuropsychiatric syndromes in patients with AD. We identified distinct associations of NPI symptoms depicting five syndromes; the most common were an apathetic and an affective syndrome. Syndromes tended to occur at a clinically significant level. There Syndrome severity: no syndrome, score ϭ 0 on at least one of the symptoms in the syndrome; mild syndrome: NPI score 1-3 on every symptom in the syndrome; clinically significant syndrome: NPI score Ն1 on all symptoms in the syndrome with at least one symptom score Ն4.
was an increased occurrence of all psychiatric syndromes with increasing severity of AD, with the exception of the affective syndrome. The patients included in this study were newly diagnosed and none of them were treated either for AD or for controlling neuropsychiatric disturbances. Thus, the pattern of neuropsychiatric symptoms in this cohort represents the natural occurrence of these manifestations in persons with AD.
The analysis of principal components showed that neuropsychiatric symptoms in persons with dementia can be reduced to five groups of symptoms characterizing five logically consistent syndromes. This grouping fitted well to our data and could explain Ͼ76% of the total variance of symptom occurrence. Previous studies 8, 9, 11, 12, 27, 28 identified a pattern of neuropsychiatric syndromes mainly in agreement with our findings. The most notable difference of our study compared with others 9,27 was the distinct apathetic syndrome. For example, the study of Hollingworth et al. did not identify separate affective and apathetic syndromes but instead reported a general "mood disorder" containing depression, apathy, and anxiety. Proitsi et al. reported that apathy loaded both on a "behavioral discontrol" factor and on a general "mood disorder." Apathy symptoms did not load high on the "affective" component in our factor analysis but presented as an individual component. Furthermore, our findings showed that patients with the affective and apathetic syndrome had different characteristics; women were more likely to have the affective syndrome, and the occurrence did not increase with AD disease severity. This raises the question of why there is this discrepancy concerning apathy between ours and other studies? Our patients were free from pharmacologic treatments, had a lower mean age at examination, and had a much shorter mean disease duration than many other studies, which may account for the discrepancies of our findings.
Our results highlight that apathy is distinct from other neuropsychiatric syndromes and support the hypothesis that it might be a cognitive disturbance related to cognitive decline in AD. Apathy is composed of an affective, motor, and cognitive dimension. The cognitive component of apathy in AD could be the most influential. As the cognitive decline in AD worsened, there was an increasing occurrence of the apathetic syndrome in patients. Further, it was extremely common, occurring in more than half the patients with AD and more frequently than all the other syndromes, even the affective one. This is in agreement with a previous report that apathy is the most common neuropsychiatric symptom in AD, 29 which is unrelated to depression in dementia patients. 30 In addition, the fact that apathy has often been found in conjunction with depression and anxiety may be caused by the subtle differences in apathy and depression that could be misinterpreted. 31 Our clinicians are experienced in geriatric psychiatry, especially in the evaluation of neuropsychiatric symptoms in AD, and they were careful to accurately diagnose and distinguish depressive and apathetic symptoms during interview with patients and caregivers. If apathy is a cognitive symptom in AD, then it could be linked with frontal and executive dysfunction. Magnetic resonance imaging studies show an association between apathy and medial frontal region structural abnormality in AD, 32 and there is neuropathologic evidence of increased neurofibrillary tangles burden in the anterior cingulate cortex of patients with AD with apathy. 33 Apathy is highly associated with executive functioning, which is a cognitive domain dependent on the frontal cortex. Together, these findings show that apathy is the most frequent psychiatric symptom in AD, which is related to the disease process and cognitive decline.
The prevalence of syndromes was high; more than three quarters of patients had at least one syndrome, and almost 60% had one at a clinically significant level. This is compatible with previous reports concerning the prevalence of single behavioral symptoms in dementia. 4, 8 This suggests that the syndrome approach does not reduce the sensitivity for identifying behavioral manifestations in patients with AD. The advantage of considering neuropsychiatric syndromes instead of single symptoms is that the disturbance can be regarded in a more coherent way, particularly in view of specific treatments. The syndrome approach reduces the problems associated with situations in which patients with AD have mild symptoms that have uncertain clinical relevance.
Of the five syndromes, only the affective one did not show an increased occurrence in the most severe forms of cognitive impairment. It is known that depression may be present in the early phases of AD. 34 Less is known about the other component, anxiety, although research shows a high prevalence of anxiety in patients Neuropsychiatric Syndromes in AD in the prodromal "MCI" phase of AD. 35 It has been suggested that neuropsychiatric symptoms represent functional psychological responses to decreasing global cognitive capacity. 4 Although mood and memory, the domains compromised both in affective disorders and AD, share a common anatomic bases of the limbic circuits, depression and anxiety may be epiphenomena of the disease rather than direct consequences of neurodegeneration, especially because we found no increase in the occurrence of the affective syndrome with increasing dementia severity.
Our finding that psychiatric syndromes in patients with AD are consistent with primary psychiatric disorders in AD supports the idea that the pathologic process of AD causes cognitive and psychological disturbances. Indeed, positron emission tomography (PET) studies in apathy, depression, and psychoses of patients with AD 33, 36, 37 show a reduction of brain metabolism localized in regions consistent with the observed symptoms. Furthermore, we observed a distinct syndrome of psychosis in our patients with AD, characterized by delusions and hallucinations, which supports previous research suggesting that psychosis is a distinct clinical syndrome in AD, 13, 14 and that patients with AD with hallucinations have distinct neuropathologic and clinical characteristics. 38 One limitation of our study is that principal component analysis provides results that are best suited to the data set on which it is conducted. Thus, the syndromes we have identified might not be representative of the pattern in other populations. For this reason, our syndromes need to be verified in other independent cohorts of patients. Furthermore, because we applied specific exclusion criteria for this study, our results are applicable only to patients with similar characteristics. It is also possible that there may be a certain level of ascertainment bias in our study because we used clinical data. Patients with AD with neuropsychiatric symptoms might be more likely to seek medical help than patients with AD without such symptoms. Indeed, research has shown that the time between onset of initial symptoms and first consultation with a physician varies largely between patients, with a long delay to diagnosis in some patients with AD. 19, [21] [22] [23] Furthermore, the cross-sectional design of our study limits the interpretation of the associations between disease severity and neuropsychiatric symptoms, because these factors may also influence the decision to seek medical help. Conversely, a major strength of our study is that we examined a large cohort of patients with AD who were not treated either for AD or neuropsychiatric disturbances, which may affect the natural history and pattern of behavioral symptoms. 12, 15, 16 Because of the cross-sectional design of the study, we were able to examine the occurrence of neuropsychiatric syndromes at the point of first diagnosis, without the confounding effect of drug interventions.
Our study has relevant clinical and research implications. First, our findings support the use the syndrome approach for the clinical evaluation of neuropsychiatric symptoms in AD. Clinicians should include a comprehensive psychiatric evaluation of patients with AD, which focuses on the co-occurrence of behavioral symptoms and characterizes the distinct syndromes when planning treatment and care strategies. Second, our results have relevance to public health planning. Behavioral disturbances in AD are associated with institutionalization 39 and caregiver burden. 40 Information on the prevalence and pattern of neuropsychiatric syndromes can aid public health planners to predict the care needs of patients and their families. Finally, our findings help to better understand disease mechanisms and pathologic changes in AD that might be associated with the different syndromes of neuropsychiatric disturbances.
In conclusion, our study supports the use of the syndrome approach for diagnosing neuropsychiatric problems in patients with AD. Clinicians should incorporate a thorough psychiatric and neurologic examination of patients with AD and consider therapeutic strategies that focus on psychiatric syndromes, rather than specific individual symptoms. Finally, considering the high prevalence and severity of neuropsychiatric syndromes, long-term care plans and health care for patients with AD should take into account the risk of behavioral symptoms in addition to cognitive and functional decline. 
